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Coupling numerical simulation of flow field temperature field and stress field in

a wide-thick slab continuous casting mold
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ABSTRACT Based on a moving boundary approach a three-dimensional dynamic model is built for 2400 mm x 400 mm wide-thick
slab molds by using ProCAST to realize the coupling simulation of flow field temperature field and stress field. The results show that
the position of the lower recirculation zone moves to the slab center by the effect of the solidified shell which reflects the real flow
condition of molten steel in the continuous casting mold. The liquid on the free surface flows from the narrow surface to the nozzle the
velocity increases first and then decreases and the maximum velocity is about 0. 21 mes™'  which occurs at 0. 7 m from the nozzle.

The center of the narrow face shell at the mold exit is the thinnest and increases from the center to both sides gradually and the mini—
mum thickness is about 10. 4 mm. The wide face shell influenced by water flow impact grows more uniform than the narrow face the
wide face shell thickness near the corner is 18. 9 mm and the center thickness is 27. 6 mm. The stress change trend of the slab shell
is almost consistent with temperature demonstrating that the initial solidified shell stress is mainly thermal stress. The effective stres—
ses on the wide face and narrow face rise along the drop direction of mold height and the maximum stresses of the slab corner wide
face center and narrow face center are about 200 100 and 25 MPa respectively.
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Table 1 Constants in the equation of k- model

C, C, c, o o,
0. 09 1.44 1.92 1. 00 1.33
1.3
ProCAST
N 1
Han s
9
oc=E(5-8" (9)
Ad_ g5 (10)
8 =a(T)(T-T,) (11)
o =0, +Ms5". (12)
o E
a(T) 8"
T s
1
Fig.1 Stress—strain curves of three stress models
2
2.1

2400 mm x 400 mm

2

1/4

Table 2 Original model and simulation model parameters of the mold

and submerged entry nozzle

/mm

2400 2400
400 400
900 2000
12 12
85mm( ) x 80mm( ) x
65mm( ) 70mm( )
115 120

2

Fig.2 Geometry model and mesh model of the mold
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10.
q=A-BJr=A-B /z/n. (13)
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A= Lol (14)
R, +R, +R, +R, + R, +1/h,
(ol =, 0p.AT) 5 (15)
ho=0.023 % (p“ . ) (’"‘“W) . (16)
My,
D =4S/U. (17)
T, K; T, K;
R, *K*W™;R
mZ'K'VV’l;R»1
m’* KW' R,
m’* KW' R, m’ KW' h,
W'm_z'K_l;go
m; [ m;
cp Jekg oK 0
m3'sfl;pw kg'mJ;AT
K; A, Wem ™ *K™'; D
m; S m*; U
m; u, m‘s’];,u,“
Paes.
30 °C H13
1355 °C
R, =1/3000 m* KW
RZ
11 R, =10 m** KW'
R, =1/14822 m’ KW
40 mm 380 We
m~' K™ R.=1.053 x10 * m**K-W "
900 mm 800 mm
4 mm 4178 Jokg ' *K™'
1000 kg *m* 0.618 W e
m K™ 7.92 x 10 Pa*s
38 °C.
A B
q=2.509 -0.268 /z/q (18)
¢=1.559-0.190 /z/. (19)
2.2.2
2m
N 1.1m
0.3m 0.8m

(1) (2) ;
(3) :(4)
Ishiguro 2
h=0.58 W' (1 -0.0075T.) . (20)
) KW em™2+C ™5 W
Lem2es™"; T, C
3
H13 3
. ProCAST
. H13
Lever
4 3.
3 HI3 ( )
Table 3 Chemical composition of steel H13 %
C Si Mn Cr Mo \Y
0.38 0.95 0.35 5.00 1.35 1. 00
4 HI13
Table 4 Process parameters and physical properties of steel H13
/C 20 /C 1473
/(mes™") 0. 54 /C 1355
/ 3(a)
. 10168
(Lemin~") 3(c)
/( Lemin 1) 13840 3(d)
/% <40 3(d)
/C <10 3(b)
/MPa 1 3( a)
/MPa 0.25 3(b)
4
4.1
4 5
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Fig.3 Physical properties of steel HI3: ('a) thermal conductivity and plastic modulus; ( b) elastic modulus and thermal expansion; ( ¢) density and

enthalpy; (d) Possion’s ratio and yield stress

4 . (a) 0.08 mes ™! . (b)
Fig.4 Velocity distribution on the middle face of the mold wide surface without the effect of the solidified shell: (a) contour of velocity when the ve—

locity is more than 0. 08 m*s~'; ('b) contour of streamlines
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5 . (a) 7 (b) 0.08 mes ™! v (c)
Fig.5 Velocity distribution on the middle face of the mold wide surface with the effect of the solidified shell: ( a) contour of velocity vector; (b)
contour of velocity when the velocity is more than 0. 08 m*s™"; (¢) contour of streamlines
1.35mes"" 0.5mes"™"
0.4mes""
6
4(b)
" " 0.70 m

0.2l mes™" 0.60 ~0.80m
5(c) 0.20mes™' 7
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6 . (a) 7 (b)
Fig.6 Velocity distribution on the mold free surface: (a) velocity vector; (b) contour of velocity
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Fig.7 Flow velocity at the centerline of the mold free liquid surface
Kubota 0.1~
0.3mes"'
8 . (a) \(b) (¢)
(d) 0.3.0.5.0.8 1.5m
Fig.8 Temperature distributions on different cross sections solidified
4.2 shells. The distance from the meniscus is (a) 0.3m (b) 0.5m
3 9 (¢) 0.8m and (d) 1.5m
9

10 N N
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Fig.10 Temperature change of the wide surface center

narrow sur—
face center

slab corner and slab center with distance from the menis—
cus

4.3

11 12

11( a) 12

(d)

0.3.0.5.0.8 1.5m

c (e (D) (8

Fig.9 Solid phase ratio distributions of solidified shells on different cross sections in the mold. The distance from the meniscus is (a) 0.3m (b)

(f) and (g) are partial enlarged views of three positions in ( c)

0.28 m
0.5m
100 MPa
150 MPa.
25 MPa.
11 (a) (b)

Fig. 11 Effective stress distribution of the slab wide surface ( a) and
narrow surface ( b)

13
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120 MPa.
0.3m 0.5m
9 13
12 N
Fig.12  Effective stress change of the wide surface center narrow
surface center and corner of the slab with distance from the meniscus
(a) ((b) () (d) S
0.3.0.5.0.8 L.5m (1) ProCAST 2400 mm x 400 mm
13( a) 0.3m
(2)
49 MPa.  13(¢) 0.8m (3)
10. 4 mm
18. 9 mm
0~ 27. 6 mm.
(4)
100 MPa
25 MPa.
(5)
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